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0.2mA0!D). 

HI3Efe B *Jg2l X{|2gEH0il [DE S*3N:ibrOI±2l SSE. 
BI4Efe HI3E2I IV-IVS 

HISEte g gJg2l HI 2 8 EH 21. SSOIIg UEHflte AJAIE. 

Hl6E^r g gjgoj HI3SEH0II IH BfSQIMOI^B UDLHfer BSE. 

HI7Ete B ujgo| HI 38 EH 21 H1 1 S 8 0(1 B UEUHfe 

HI8Ete S ^S2I HI38EH2! HI2380HB UEfLH= B2£. 

HI9E*= m W%2\ M38EH2J BI3SS0IIB UEtLH = B2E. 

H1 1 0E = B Ht82l HI4SEH0II EDM &JEHI Bf»DHK)l±B UBLHfc BSE. 

BI1 laE-HlndEte = KB 21 n3^?2l S^-SS^Si UlIQOHSf LfBLHfe 3312(2* E2 0II S!CH Ai 
1 fegg 0.5V0I2. l^gs 50M0ID). 

HI12aE~Hll2dE^ B gJg°l EE Di nS^2l SS-SgmS8 blH10ll2f SMI UBUfe 3312(2* £S 
Oil SiCHAi 0.5V0I3. Y^ 

HI13a£~HH3dEfe B SJS2I E CIS n*i^2i S»-S8mSfi bfl ZEL Oil S> SrJJII UBLHte 3EH2(2* £2 
Oil 2iOU1 X* ife^g O.5V0IH. Y^ 5OM0ID). 

HI14aE~HH4dE!= B tte2l ££ DM n2^2J ai-Saigi HI HI 01! £1 &JHI UQLH= 32H2(2* 
Oil 2iCH A1 X* l^^E 0.5V0IH. Y^ l^gg 5OM0ID). 

JBHSEte n£j^2l SSJAISS ^§5}^l «B £H. 

HI16£te B ^g2l HI58EH0I! [»S StEfll BSD fcN0l£2l SJ^g UBLHfe 92£. 

HI17Efe B g*g2l Bl 5 8 EH Oil 2iOUi2i 6*01 S n2^2l SW-S^Sl "til a Oil 2* &1JII UBLH^ 
3312(2* ES01I 2iCH Ai X^ l^gg 0.5V0I3. Y^ Ifegg 50M0ID). 

^S2I 6HHB 



s ^§8 g(ohmic)2^g PHIfe S§H*B(gallium nitride. GaN)PII lll-V^ §f3I E*E»I DbrOI±OII 
&S3S0ID. 

GaN . GaAIN. InGaN. lnAIGaN#2J SsfUgPtl lll-V^ sltJM StEfll 

§3121 pg £S§^ £52 aSffif» lll-V* mmm BJESIte 3Xi8B(high resistivity)©] iS 3CHS0I 
3. IBBWi ^3121 ClbFOI^te ±?l MIS8 ^£2! SOISID. £JE. HXH8S2I ig^e XUHSS2I pg§2 

s SaK*$<t)o^ pi^oi oiis mo\ wbr ^jwmm §2-2576792. ^jwma\ ^3-21 8325s §j ^:wma\ 

S5-1831892 geOil 3>HAi£lCH 2I2CH. p-n2**82J 3192*821 lll-V* £}**P fi*E»l B*SCId>OI±:e 
ygg ^ oi £ s ;h^£ICH 



^SOI OI^HX^ol^ ^l^^i iUHl 

□ au. 01 2f D-nsa82i asf&s^ii mmm mzmo\ ^^£1^1 eih. pg§ si/e^ ngaoii sskm 

8^£fe 2^011 Oia PHI EHDf g^SD. 

§^XHgAi2l D-ng^§ Sa]&Sfll IM-V^ §}^m «rEHI y>gClbr0l±:^ □ HI ^^21 HI^^SAi 

51EHIS e a^SOII pg SI EJUS 8 P^SID. E. 0\&§} Dbr0l±2i PIE^MAi^ °i^£|oe 

§! AHItOIOI^ieOI A^§£II2 S!D. EJEXII &8rClbrOI±0ll Ar§£]^ GaAs. GaAIP2f ^8 SiEfll 31 e 

B£i Armoioib gssoi^i an^oii. bjemsoii ^S2i °l3^o^o^ Gtimi±^f □ ws?i 

Be o^E^ of PI ?la^ 3I&XFHI0II £iS 8^^ <^ KD. S! nS^E 21^ p8 ^ESIS 

* n8 ^EJtllSOil ^ S SofOj S^SfAl 3^22 £^&D. pS^E p8 £f£Jg ^£HI§ 2HI^2I ^ 

ccfbai. as e^H2i ^i^e &JEXH ^scibmi^g siEnaiaoii o^^(mount)^ g^. as 

1 ^E»lg0l 8^£ICH Sill &E P|B^g y^og ga^| 61 PI ?I5HA1 pER Si n&=m of^2g o\0\ 
2^H2I £IE°aiSOII SCH ?i0l0[ ^. 1PH2I &!Efll &§ 2^H2J BIEHEIISOII 2*U1 301 ^OfOI S 

□ . OlttU. d8 2l* v l a?E«IS3J nS al*^ S!EfllS2J 2PI^ 0^8 SJEIofPI ?!6HAife 2PH2I BIEH3I 

01!= SE «saSHI arSIPI EOISOI!. Zr26l &!EXHS OH2] ArOI^E ^ immg^ 01^^^ 

3Pil £1X1 &8 ^ 2JD. CD £IA1. ^EH2I DbfOI± ^5 Oil 2iOiA1 ?H0IIH °l SOIlAi ^CHXI^ &2J 13 

^chii}ii eicl cc ^lEHaiS 2PH2I OH^ DIA1I§! WMBfSOlU &S2fB» fif^^ S!EJII2I 
OII§!PlsE ^26IG. 

□i= =oii 52jai. oioi ^gsf aoi p-nsss assfSTii iii— aEfli ciomi 
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^31 ^=!S SS 5)521 2J0I01. S22J M isg ?5oj gfgClb10l±01IA-1i=. S^S 2HSg iSSlfqj a 
IHIEIOHSchottky barrier)^ 0I§S1S= SOI 2! 31 0HS0II nS^Oilfe 3121 ^2)g 3lgOIXI 3/2i2iD. 

S2H2I MIS^22J SS12/B3II lll-V^ S*fS S/Efll S^CIblOI±2J n£j^ 

CHSE. B 2128311 III— SISS S?ESlS2f £gol S/^S 4* 2!fe iS^I EtS8H- S^XHg^ 

aaa. aoiD. 

[deiai. s ws2i ssis/sai in — a&g ^EXiisai ss^s Etgstis jj^g ^hi§j bissts 

311 III— §1*>g gfEfll g/aClb!0l±B Hlgolfe Q| SJD. 

s tygo) EE Di nS^fflll 3^)21 pS^(»l22S»)2l 23IS2J atJOlU 0ISS2J £6/ §§ &X\ 

m sisii oisai. bsiheli ps^oi si oioibsaioii s/eiej!= am &x\m 4= 2!^ sjst2ts3ii m-v« 
sii/g aiEHi siacibioi^B .hi gaffe hi 2/d. 



s/S2j ?g sy its 

»3ia =^s.ifg6f3i 91 & s iSi. ?iea. 6/31 dis 91011 ng ajssis » D g stEaies 5 

Solfe 2/Eill 3*^221. 6/31 Pg 2/Efll#2J Si^31 XII ^ £101 bi^£! a?l ng BJEfllSOII S8KM §S 
E! HUS^ll. 6/31 pSStEfllSOII 2SI01 g^E! Bl2Sg-21. 6/31 11122^011 Sold ggg gg§ 91 => a 
SSHEB ?dlS SS1/M31I III— va^ S1S/S BJEH &3/Cld10l±01l SiOIM. &}| »I2S^S 6/31 D g &»£ 
IIISSI >I2J SPJ Oil 26101 §SS g^IHSB 5SSIS= PSS2J 2^012. 6/ 

B WBOII S!0U1 fiSfSfSTII lll-V* 2l*/g BJE3BIB. GaN . GaAIN . INGaN. InAIGaNHf ^§g 2 
S/Sffe ?3lgH III lll^§J^°i iSI S/EKIB 2I0ISD. OIS £l*/g SJEHIfe &J ln>AlvGa....,N (0131 
A1. 0<x--i1. 0£y< 1. x+y<i1)2g LfB2 4 2!D. 

E. B US Oil 2I0U1 S3 401 3. B!EJ|| SOI0IIA1 S6/2J 2J0IS AISEII! HD. 

e waoii sioui 2^011 chsks *as(a*cis)ois*. msat&x\ \u-vm imm s/esi atacibio^oiiAi 

S/SSE! li 1% 016/ PilAIL'Qfe 51 2101 Sim, S/EAI PgolDfe SSSOIolfe SOI OIUD W 
»S S=SS. 5 6/ &&&S3II lll-V* al*/S St £ XII BtaCI b!0l±0!IA1 U£SE! 31 20-40% Efe OIS 01 
«*2fAI2!D. 

E. 8 ttfSOll SIOIAi. S0IHS3I 2S 0I^2J S&Sfe S^fe 2S 01^21 E^OI 01 El 9SS£IO< 

a!01E £112 2t 3^#0I 5(SEI(M SIOIE BD. g^IHS^I 2g 01^21 S^m S^. OIS S^2J bl 

soiife mmm »ieoi sjeli ^ 3^01 sjche 0. 1 a n% sseioi 2;^ soi \imzis\a: 
oisi s ig§ iiEsioi ^aiisi3ii tta&D. am esoii &o\m s 

HHEfe B & k S2l BUS EH Oil 111= S&if§31l lll-V* §I^S SiEfll itf»aUWI±(10)B 5Ha*5|2S LIE! 

yj soid. 

&3I »»abJOI±(LED: 10)fe AHU0I0IS2I *PSSH! SS^OI 2^fe 7IB(11)8 3ISD. ?IB(11)2J 
21 ^S(±B: 11a) fiflll n§ g£liM3ll lll-V^ mmm ^EMI#(12)0I OIIB SOI 0.5/^-10/^21 

^DIIS S^EIOi StD. nl ^EJ1lg(12)0llfe nS ESM3I EHEI01 21X1 SfOlE EILI. bllf£|SI3il^ 
S±(Si). 31l = DlH(Ge). «ieD(Se). W(S). S^ = (Te) §2] n § £a M3l EEE101 SID. 

SiEfllS(12)2l HSOII^ PS a§1^S3ll lll-V^ a>Effll#(13)OI OIIB SOI 0.01 /an -5^21 = 

WIS g&EICH 2!D. pS B!EfllS(l3)S OlS(Zn). OIDUI£s(Mg). bllSM(Be). ±§Si(Sr). b|g(Ba)§ 
21 p§ ES13I ESEIH. 400 C 01^21 SEC1IA1 0iyi!EJ2JD. [01 (MUeOII CHSHAife. g g,'4=2J21 §£J 
0)1 Stst g^H^SI S5-183189S iS(? 8,'^°J0II31I g,'EB'1992t3 11B 281 GH ^S!E! OI^^Sl^ 

S! AlElg&js 07/970.145(01 U1§S g SA1IA121 3HAILH§ E^AI ESSD)OII CHgB )&Hm 4 2!D]. 

dS yE»IS(l3)S n§ BJE«IB(12)2I H«SHI SOU Oil S HI 31 El 01 nS SJEfll«(12)2l SB 

m ^SSIEg tSAI^IH 2!D. 01 ng BJEM«(12)2I EBS(OIIS^) 9IOIIfe nS^(14)OI SaEIOI 2! 



PS StEflie2l 3121 231 SE^ B W9 2I pS5(15)0I SSEI01 2!D. 01 

^3lsf bl£l &0I 3^IHg3l 2S 016/21 S^g S&Slfe S^CIIfe. OISS ^ i^§§ 2J#si 

2 2!01E EIH 01 El StsSlElOl 2J01E &D. ^§?5g 3IXIb g^IHSs 0\m ^gelfe CMWSOII 2J6HA1 

D§§ gai 4 2!D. 

p2^05)E oi 5iE»IS(13) 91011 S^IHgss OIIB SOI ±Haum2J S^2I El ^(«*)3I ^011 

2J5HA1 g£35H2. OISS OfWI'S2 = W 4 2!D. Olfe'SE 400C 016/21 EEOIIAI ^Alolfe SOI 

H1BS181D. 400C DIE/21 SE0IIA12I (XWgS ^^IHg°l pg a»EfllS(13)0l SStf gg^l S^ol3l 
01£1g SSI LIEiyjD. II OiWSS i'5J^S3ll lll-V^ §1i/g S/EX1I2J «8HSE(1200CSE) OIS/ 21 
SE0IIA1 SID. Oiyg AlEtg 0.01g-30g°i SOI bH/^SID. 

6/3I 01WS2J S2lb 6/3IS1 uSSN 07/970. 145S Oil 3IIHEI01 2!fe eil/21 §^6ID. 31 

0cS>£)OII 216HA1 dS EB§i ESSlb aSJifS3ll III — §1«/S 2/E»ISg 400 C 016/21 EE 

oiiai (Nuana □ nsmo\ s^si asis»D. oiss. oiyaoii 2ishai ysai ssmsj qisehoii s&s> 

4i:§J7J3l 

d25(15)0II AI§EIJ= g^lHgfe 0)te't)*2l ^BII3I 0.001/^-1/^21 ¥1)1131 E1E«I S636lfe SOI bli/^ 
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sib. g^iHgfe 01 us oil °imk\ P § siexh§03)2i w^s st&mm saioii di^sia ? 

DllPf &'0(£!B. 01 US* Oil £l§ ^ffll^ 0.001 im~\w~)\ EJE^ g^IHSSSI ^flllg 2§S2g w 
d2=5(15)S dl ?»gog g 4= °!D. lAmg afe SCHEIE ig§ USE 8J2LK 0121 &TOI 313 

2^01 SJI life 2801 2!CH ?»£0I B8ISD. dS^(i5)2I ^ffllfe fctflB g91lH01IAi g,'g 3 

01 PSfg£h2>gOIIM!= dl&£lolB. DEJlJ. L-Js? g>e ^mib o5J ^(1 5)31 pS £lEJIIg( 13)2121 g^ng 
S 83UI3lfe S80I 21D. CL1 £1 Ai . pS5(15)2l ^Wlfe 0.05^-0. 2m SEK dHJSjSlffi. H8I 
0.01^-0.2^ SEP! dHf£!81Q. 



B HS2I p2^g PSfaOIH. 
X1S1AI3I CldlOI±2J iSs§ 



p§ S1EHIS31 bWSIS §S^I &S8H2. 
i S^AIgJD. 



g^Dd!0l±2l £gf& S2.M 



[feJSOII 1] 

01«g EH21 d§ GaNg 910II UlilSiU □ « Oil sii O.ltfnoj *J||S ±xl §2*812. 600 C Oil M 01 

y hs^oi oisss st mum 3} saioii ^ss^i sia P s 

0121 i"OI dS S^EfllSIll SS^oJfe ep£fg2l p2^(15)S ^Uim B HS2I £fgCldlO!:MlO)fe 

p£!^(15)§ SSHAi If °1Q. H1BA1. AH EOUUBhb HI21 II 01 Msi^mJU sltfg StEfll 0I2J2I 

sisais oissf sygcidmi± =£B2sai ssi^es Aigan 21 yg&oj aiEHaisds) 91011 

7IB(11)8 □ ^EfllSOl SSBOH 2111 STS XI B. S HI 1^3(1 la)JU CHSWfe »2^3(llb)01 BE2 
ai§J(18)S SSIE^ SOlSg 4= S!D. 

PS^(15)S □ HS9J H^B 91 Oil I^i BSIHE(17)g gSHAI SE2I EI = HaigJ(S**5±S: 19)011 a 
^E! S210I0121 1^ = BS210IOU21 )21 S^EICH 21Q. nS^(14)E g210l(X21 US gg£10ICH(20)g 5 

SHAi aa«2i £iE=aia(i8)iu s^aoi 2iD. 

B Bt9°l UtttSiet SEHOII SlOUi. SSfiHE(17)fe 3 B = E = s§ 5&SH2 if^Ols Efc= 31S 2& 
SHI SJfc 2S 01^21 S^og Ol^Oillfe 3^XHSS g^olfe SOI dUfSJSlB. 31 586112 BMP 01 ft 
SEfe 5881X1 affe g^IHSSA-lte 321 EIB. Ui. 2JH Sl/Efe Sii3§ 5881fe XHgg P ^ 21 

D. 0121 &g S^IHgg OI^CHXI^ BSIHEfe pS^(15)2l2J S«fa0l 2!£ol2. S£(0l0i210| 210IOI 
BSAIOII 321OIO10II 2l6HAi SSSIfe ball)212l gSfSE SS. 01 S^IHSfe CHUDAI 

Efe $\m amo\±m°! sssoii p^^gg oioi 

[MttOII2] 

3ie(11)2SA1 AiniOIOH J\mm. nl SlEfll*(12)2£A1 4W21 n§ GaNfl. pg E1EXIIS(13)SS 
A1 lonoj oouiSS £51! pg GaN^g ?|J|fe HI1E0II LIBti! Dd(0l±2l dS^(15) flOII 01 & 3 
^IHSS 01^01 life BSIHEP SaofSD. pSJ^(15)B UI§2t o§l 212f 0.1tfn9J = M g ^j;1 §S| 
512 600COIIA1 OiyiJ&ogMI OISSS &S£fS2( SAIOII PSofPII SfO) ^= ^Bll 0.05^21 X0I2JD. 

SCI ^SlSJSSfe. o\D\ 2 1 CHI Ai UElLHfe BSSHE2I JHSOII 2J?-l5f01 BSIHEg pS^ 9ICHI g^SIS 
D. ^. BSEHEfe H 121 All SOU LIElbd 3^#g p2^ 91 Oil S)a'8a»3 □ 9)011 2 121 ^ISOII UEltf 

i^§§ e^em. D s^2i cnyiiAioii saioii oiyasioi ssskd. bssioioi^ s2ioicig Af§si25 

0121 1/01 8KM ^CH£J »*Clb(OI±» 500AI21 S^W»Aia BSHE5I pS^fefOII OlXlfe gg§ 5AISI 
2JD. □ §3ie 2 1 Oil g^lghQ. 



[Hi] 








Au 


Au 


VG 


Ni 


va 


: 

Ti 


(, 


1 Jn 


Ci 


! pi 


u 


Al 


l> 


! c: r . 





Ti 
(. 




2 1011 210iAi. 1\ S VGb "very good, 21 2,'CHSAl CltilOI±2J 500 A 1 21 glg^OIIE BSIHE^f 29 S 
^£1X1 an SPI2I gggl D1HS 5? XI Sua E°i pS^lf pS SJEfllS^a ^aoi aseni a at 

a S^S UBLHD5. ?ISGfe good, 21 2>01SA1 SgiiHE2J ^9)011 EIH8Jfe pS^ ^SOI 2^2? S^SEJ 
2JEQ U32| ^A,= i-g. SE = 0IUI1. E pS^iU PS &.fEfllgiy2l IS? ^^01 ^^6Hl 3f2ia S 
° = LIDIUK. }IS Bfe 'bad 2J 2,'OiSAI p2^2J ^SSOI pS^HI pS £1 E ill g 21 21 Sg 

^ iSE y^S §2= UEJtSD. B. PS^2I E96H «^«| s^lgjoi gg212l g*fSOI 21 01 01 BS 

01 5^8123 BSOHEb 2AIS BBLHSi □. 

2 1011 LIBtf d!2l SOI. HIS S(M p2^g Ni-AuEM gg§ g°0ll BSfiHEg p5j^2l IHS21 XH 
g = Ni-Auoe ggai«. p2^E 38 SiHBXI QiH □CHS ^II§1B. E. BSSHEg g B^ 
°S §a°t S^OIIE e E S21PI 2^015JD. □S!Q|. Cr Efe Al g pS^LHS 01 01 □ 31 01 &o\J I « 
2. OIIS MO\ 01 71 Oil §01 5SBO) 21 QBE p2^2l ^Si §§}AIL'D. 
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[feJSOII 3] 

p25§ Au-TiES Ijgsi 5(01 dS^2J I^Sg Ni-Au25aDE 2f2} gCH£!D) OiaOflfe UI2fe' AIOII 
21 ySi 5tSD. □ §11. SglEg 59= Efe Au-TiESSSs) g°fevG. gll i?iPOIs E 

= 3§ 012121 Um. E1B. 2J1 E^ S!!ig)E£ OI^CHIIfe g^XHSS gg§ S^fe G. gill gf 

^OIh Efe agog Ol^OIXlfe. g^IHSS SSS S^fe B2I gillg £?2D. 

[yswi 4] 

p*!5g Au-Al°g gs3°1 5(01 pS5a i^ai Ni-Au25aQE 2>£} SCHEIE}) OiaOllfe feJgOII 2 

2\ mm §} a&m siaa. 01 mm. BgiiHEg s b^ss ss§i 3^011!= vg. gn} a^ois e;= as 

0l2ia E^(^ UM. EI&. °!§ Efe a|g)2g Ol^POIXIfe: g^IHSS SSI' g^Ollfe G2J 

2U. git W?DIh2§ Ol^OIXIfe g^XHS^ BSSHES SS§ S^Oilfe p252} ii§ IHSS EJ CH 

S!XIS> B2I 22lg g?2!D. E. git 3§2S 01^0* life g^IHSa S^OIIE 82J 12(i ^2!D. 

HI3Efe s BI28EH0II ttlg SJEfll Bf»CiaK)l£2l SSEOia. HI4Efe HI3E2J IV— IVfid E2E0I 

D. 01 SEHfe H6I BS3g SSHHE2I 3HS0II BS 50ID. OIB E9J0II UEItU bf£i SOI. ^*S2I 
pS505)Ollfe dS S. f EfllS(i3)2l 52 2) a = = ^SAISIfe 0H4'^(31 1 )3» § 63 EJ CH 2!D. SSfiHE(32) 
fe MI8V(31l)fl SSHA1 pg &lEfllg(13)2} 8*83} OISEH p252f 3?|S!2g S^EIOH 

EID. ES3 0II UEfa SEHOIIAIfe. SSiIHE(32)^ 0IISI¥(31 1)011 3! Si OIUB (HI£*(311)B SSIMt 

is p252l SS?^B o|0(|£ 2&EJ01 2iD . Sg 

BSfiHE(32)fe DS a»E«IS(l3)iU 8941 EtSStfe 50I01E £1X121. p§ BtEfllS( 1 3)2121 Sg^E 
pS^(1 5)0)1 2I6HA1 ifgEDI OH S Oil . pSg(15)2} SUITES 21b S0I£>S §§^i ifSolfe 

501 OIUEIE EID. E+. B§iIHE(32)fe pS5(15)aD &8MI P§ SJEtllg(13)il} 2*r8lfe ESS g^XH 
SaSfD. BSIiHE(32)fe pS5(15)aD asi^l p§ aiEfllS(13)2} 3*8^1 ID SOII. aOIOI agAI 

oil 01501 gaoioma Bgaoioioii °isha-i sojsa&D sighbe bshhe(32) si/Efe ps^isjoi hi 
EiEife 3i g gfxiu * ao. oia is ssihes s^mekAife s^oih &m Efe as. s^ois si 

s 8011 Ai 301E 2S2I g^g Silo}fe g^XHSg g 4= 2!D. BSm = (32)H SSSrfe g^XHSPI 2S 
01^21 g^S 5&6lb S^OIIfe OIDI bia SOI OI51eE Dl£l £fg§IEJ01 aOiE £12. 2} g^^ 

§ sxi ^^siiiai oiis BOi pa^d5)a oiyi,'Aioii s ai oil s}g£}S}WE ma. o\m g^XHSfe pg si 

Efll«(13)jU gffiS IS^I eSS 4=fe SJXIEJ PS SJEfllS(l3)JU an 61^1 sarass aOIOiBSAI 

on B^aiafe s^b ao. [deia-i. oi5s fsse ubm (dibixi HmsK* wut)m <=E-aa. oia ^ 

[USQII 5] 

13B2I pS GaNS 91 Oil Ni-AuS 0.01tf»a ^ffllS SJg. gSfSKM fgS BSiiHES S 10003H SSSIS 

□ . E§}. Cr-Al. Al -Au. Cr-Au SJ A1 E^S Z}2* 0.01/W2I =jj||g gS}8}01 P«S BSiiHEg 2}^ § 

ioooJH*j ssstao. ois BSiiHEOfi gaoioig aoiCH sgsi *, oi saoicHg raiCHS! hh bshhe^i 

HI BIS *M »I3S}CW a 63gS(yield)S ^§S}aD. Ni-AuE^ OI^CHXIfe SSHHESI SSIS °f 
60%0iaEU. Dg B S EH E 21 SilS E¥ 98%0iaQ. 

Esh. BSEHE(32)5 ^g^l a ¥WS ^ W| Oil a SH k\ pg »*E»l^(13)2}a §*f^g 

AIU =^E aD. ?5I? SSHHEfe fSSl LlBUXIfe SfXIB. WIS SCH pSgJU SgJ°> XHSS SSSI23 

s's^a ifstf ^ aci. 

XII5Eb 0lli!^(3l2)S 5^63 025(15)3 S A) £1 g SEUHE^ gSa* 5 01 21 Wife HI4E2I CldlOI±a 
i»S CltdlOI^S LIErLUa aD. E. mSEOIIfe 0H§¥(312)S ge6l?ll LIBLK7I ?l6HAi eSHKEE E Al 

si xi arao. 

xiieEfe ssisoia es°t(4i Doi iia psg(i5)e eg 5 oiaons= hmeoii uduj mm 

□ blOl^a §a& ^SDb}0l±g LIBUD. asafg IS 90% 01^ ^2}AI9|fe ^ggi g>feD. E. e 
S^S 126301^1 DBS Oil aOIOI 

sffisi a g^sife iHg^ ^85ia goi£ig ^gsi mmt= axis>. Q}^^is}^ife ^si^±. 

^LaLELEL ^^g^oi^. ^'sj^^s gg}p>p . ois ih^^= ai^aioi (mskiii giaiatoi ^tm gasia e a 
gaoio. ULSiAj pip iHgoii QLMAj hME gg°^ d?^s m2\& mm gi^iAigi^ aoi ^a go . a 

S^a i*i Efe ± iiH EH S PIsCHI a§H A1 SSS 2!D. SS^a ^»IIOIIfe ^gs* King KELf 
Sfe 1 O.OOl/ffl>-lO/um0ID. 

Etl. ms\ n2 5(1 4)111 sSEKE(l7)AI0ia g^OIIAife aOIOI BSAIOII BSaOIOiOllAi S63§J S^SOI 
nS5(l4)iU P S = (i5)§ = SIS (bridging )6»?l S^I§}D. CtlBAi. X1I6E0II aOHAI Ss2J(411)s 0121 H 

HI7E^ SfiS|(4l2)0l P*J5(15)2I SESSiUoa &.>EMIg(13)a tSBSS ng SIEXIIS2I Ei9i 

ea a^ 5 01 a 011 s= bi6E2» mmm ublhh ao. hieiai. ni7Ea a^cibioi±a djass 
nieEa cibioi^a a/ifCibioi±aa syaa. 

XII8E^ S^o! es°l(4l3)0l nS5(14)a SS2J0ICHPf §^£IS= SS?2I 

X1l9Efe nSg(14)2l BS SHEE( 1 7)D\ §3 S»S^ 9II0IIH2I CH^tj^OII aOIAI LHSolfe EAHSIOII S63EI 
01 a= 3J 01 SI Oil ^ BI8E2I ?5I LIBma aD. 01 S^HHXIOII asHAi HI3E«I &WM SSli & 

sn e^°* g§§ si * ao. 

Dig. B ig2l n25(HI CH 5H Ai £§§}□. 
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S SJSSI n23E EIEIU S^OIbS 5&SIE g^IHS. Wis 10) EIS2J SfPDIal 2S61E IHS EE 

Ei&iu sni ssoisg 5&afe ihss sa&D. 01 s g^g oiei as^sioi siche £13 ^ s^soi 

SgE ?52l S0I0)E 3D. 01 S S^IHSS SSEi nS = S o»WS*«l ng SI£}£S?II lll-V* §.\2)W 

&D\ (XW89I SEfe 400 C 0I6J2! 301 481 bHf*ISID. OtWSS 0.0l^~30g iygolE 301 bfU^SI 

□ . 

gjajajog a&tteai m-v* ststi &jesie esepi e°ejoi an sjohE aaeoii Bi&4»(Bxtft 

SJ 3 2} 01 g&EJEs? ngOl EIE 3ii g*feD. 

n250)l CHeJ CHfe'SEEfe 500'C OI&OI dUfSISHl. 60013 OlfefOI Q iD. nS^XHS^ i^Olsg Eg 
otfe §s=. OtyS 8Eb SO i'S SEg SgSKB.bUfSio^lfe 450'C 01 & bh^Sj glTflfe 500 C 

oigjoid. oi w a eesi &s»s D s=oj ojws ^esi ^smj soieishm. aaasfli m-v^ si&a hje 

MX geHEIfe. SE 0IEJ0ID. n252l g £=£j}||0)|!= n«§} mmS StXISl 50A 0I&. bHf5!8IT)IS= 
0.01 ^-5^01 CI. 

EIEJ3U Sr?Dljs8 S&dlfe = g^S2J n 25IHSfer 2| 3§?£h? Sffe 301 bUfSJSfD. 01 § 

°- eib«b ng siststsTii in— va* simm eizmm won s^aiji^ aoi untaisiQ. eibs ng 
ast&sai m-v* sjesib so ms^m gag * 2171 msoid.-oi g?. a&'ss 20 

a ~0.3/*>o| s=J)ll5? ggStb 301 bUf 2igfD. EE. S^DIfeS2j g =jj)| fe El ESS □ J9ZHE 3101 blif£J 

sid. msiM. oiusAiai eiboi ajomaioiasKM usou usei^ sioioi eg aim a own a 

SI 2>0ICH Efe §2121 S*f&£3> HSIEIfe 3S gXlif 21 Q. 

EI^UJ 3 SJ Sf^DIMS 5»8Jb B ^SSJ nS^XHSfe El EH) S^OIsSs? OI^OIXIE n25IHSaD 

e LHustaoi ^<*skm sioioi esAion ggEi^ smm am susmi e. sss^ s nt 

SSI n25XHgfe ay§§ 8ffe 3S?£e! Slfe SOI blif^elQ. s#S DH^ 

smi s^spi meoiD. 

HMOEiEr S ^ l SSI nS^S ^?bl§? 013 811 EOS? 5 21 ifSCIblOI±g liDUD. 01 CIHIOI^fe. NIB SOI 
AlufOIOI 91 Oil ES§^I En£IXI GaNES OIPCHXIfe 0.002-0.5/^SI Wffl*(EAI6B 

Bf)S JHIH8KQA1 ng fiS&SXI IH-V^ Sf&S EIEMIS(51)0I WIS SCH 1/im~io^O| =jjng g^EJOi 
S!D. 

ng a£J|IS(51) 91 Wife ng Msi^mM lll-V^ afifS ^EHI. OilB BOi =R±E°i ng ES§;i EHEj 
ng GaAINEg Ol^OIXIfe H1 1 111*5(52)01 ggEIOI 2iD. 01 EI*S(52)S 0.0\ w~Sw. blif^oh 
Pilfe 0.1^i~4/an2l ^D\\m ?>feD. ■ 

nnni*5(52) 9ioiife mn#(52)iin= fejoisJ siesi 5Si puife asujgai in-v^ £f*fg aiEflis 01 

^OHIIb S^SttttSS: 53)01 g^aOl BSD. 01 Ifg#(53)g ng Efe pg ESS. tttSf5|8Mlte J?±g 
SI ng ESi^l E5E! IN,Ga,-.N (Oal )SS g^EJOl 2ife 5101 bUfSJSFD. ©S5(53)g 

10A~0.5^. bf^SJSf^lfe 0.01-0. 2/«iOj =jji|g g>feQ. 

lfS«(53) 9ICHIfe »SS(53)jUfe StEfll 5g§ 3Hlfe pg SIVttB^II lll-V^ zimm KESI. Oil 

= §0) QH2UISM2I pg EffMPI £59 GaAlNEg OI^CHIIb HI2EI^5(54)0I g^£ICH £!□. HI 2 HI 
^S(54)E m& 0.01 /mOI^ bfif^SMIfe 0.1~1//mO| =jj||g §>^Q. 

BI2iIiasS(54) 9IOIIfe pg fiSt&SXI III— af^S EJEMI. WIS SCH pg GaN2§ Ol^WXIfe 
S^(contact)S(55)0l ggEIH □ 94 011 pS^(56)0l gg&ICH £JD. pS^(56)E E§ Sj§sf SSg 3 

woiiHte g^s(55)oiiAi □ aoiaass ng e»sai«(5i)2i hs^oii oi^iwiu mmnzs. onsm^si 

01 ng SJ£XI|«(51)S E^AI3II2- °!D. 01 ng SJEffl«(51)2l ESS(OHS^) 9)0llfe g g*g 

SI nS^(57)0l g^aOl aid. nS = (57)E B^S(5B)B S8H Ai ojoi 01(61 )Si S^EIOI S!D. 

[MS Oil 6] 

^§ 22JXISI AiniOIW Pie 9I0II =R±m EES} ng GaNgl 4^2| = M g gg6f3. □ 53 91 oil 100/^ 

si a^is 01 a §??si ns^iHeg iooo;h^ gzjsi^ 45o*cs oiygsiaD. eaiHgs oi^oisj 

S-^SI &m-&°;mi3m E^ ^Soiaa. Slfg Bllla-E UdOII A~DS LIEILHSD. EUab EI& 
21 SfVOisS 0.01 : 121 =mi HlgS £»52S HS6\0i ^E 2^. Ellbfe EI&S HI 1 % g??6li= 
Ai-TiSSSS g£3& 2^. Ellcfe El & B^Sg 0l^0i£! S^. Eildfe S^OIh Bi21 01 ^ Of EJ 
250)! =(°i aoiD. OIS EE3E ^ CHH^SJ Si-22,^SI UEUHfe EE5ESA1. EIE» * ST^OIhE 
S 01^0)2 Jj^E EnaSf EnbOtl UEftH bISI ^01 ng GaNgJll 8JSI! §S^i &S8I2 2ID. °t 
B. EIE> SE 

0) y * 25 SSi NOISES §21 EIB B= Efe ^POIs 9^EE 01^0)2 25E □ 

H2£i2l 90% 0I&0I 3 711 S3SEIO) 212 D. 

t^'SOII 7] 

2°' XI SI AIBIOIO) 7IS 91 Oil fl±g EHi? ng Ga0.9AI0.1Ngl 0.2^21 ^ffllS gy6!2. □ H5 
910)1 100a»2| =j)i|a EiEtm gf^OlfeSI 5Jg?2°i nfi^IHgg El SHI gf^OISSSI ^Sll blsll S§ 
512 2|2i 10003H*! estSHI 450 Cg 0jyg8f2D. g^JHgg 01^0)2 25SI SW-SSigi 
2D. illS El2a-El2d0)l 2A-DE DBLH2D. BI1 2aE-BI12dEfe 2|2| EIEJ2J g?^0ls§ 0.001 : 
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.121 ^ffll HISS. S^POIhjU EIE1S 0.001 : 121 HISS. EIE'IU 2JP0ls3l : 0.00121 SfJMI HISS. 
W^Dls^l ElElSi: 0.0012J s?ffll HISS $ *l 3 ° S SjgsiW g§ 2^011 SfgJ- 2J0ID. 01 fi ES 

S. EIEI2I S^OlsES OI^CHB S^g □ EI&3J S.'^0ls2l &S? HI SOU Sf^lSiOl 2^ g>'£§J §^S§ 
}|Ilb 3!§ ggoMI LlBmi2 SID. 2. El&£§ 2Jg ng H12fllgOII g^AIEJ Ti-Al5j=g HI12aE &! 
HI12cEOII DDfcH HI2I SOI SSII §^Si DDLH21ED. S^OIs^ ng «l£^I^OII £Jg g^AI 
L 1 Al-TiS^E Hlifiisj §agg UEHJIXI SJb 3101 S }H*J 2!2D. EEs}. Oih: S^E 2^ SSEJXI a 
SID. 

t^'SOII 8] 

^f±m E5|i ng GaAiNg SHOII ^{H ElE'g 0.03^21 ^DIIS gSfolH. □ ?IOII g?DlHi 0.05tf"2l ^ 
DIIS §s;6I2. DAI □ £1011 Si 0.5/^21 ^WIS S^st * 01 0) B SE01IA1 5§B Oife'llSia 

CI. mOiZl S^2I as-ag,^a§ ^SSIStD. §2}g HI13aE~HI13dEOII a A~DS D B LH 22 D . 
»H3aEb Oiyg SE^I 300C2J HI13bEb CH^S i£?l 400'C2J g^. HI13cEb CHfe'S SE3I 

500C2J g^. HI13dSb Oiyg SE^I 600"C°J S ^ CHI B§} 310ID. OIS ES0IIA1 & 4= Sib HI 

£1 if 01. Oiyi, 1 EE?! 300 CS! g^2l S^S n§ HJ£«IS2*2I AlOIOIlAi g^^S UBWII 

S2(HI13aE). 0)WSS£3f 400'C 01^21 3^21 HUfSJgl g^gi UBfcS D(H1 1 3bE~H1 1 3d 

E). EE. n£j=S§ EIE.12I SP 01 fell 321 «JS2? S £3 81 E mm§} £21)1 £CHBD. 

IfeJgOll 9] 

=R±m E5SI n| GaNg ?IOII El&§ 0.03^21 s^WIS gsfSIH. 12 ?IOII ii 0.5tfn2J ^ 0)1 St B^s} 31 

oiaoiib on 82i mmm M&m ofaa. iin nn4aE~ nn4dEoii 2 a~ds dbwsid. »H4aEb 

01 yU 300 C 2J S^. HI14b2b Dial 1 =2^1 400 *C 2i S^. HH4c2b 01 y g SE?[ 500 C2J 

8*. Hll4d2b 01 y S SE;i 600"C2J S^OII &e! 310ID. OIS 2^01IAi S ^ Sib HI2I SOI. 

Oiyfe 1 EE?I 300C21 3^21 ng S!EfllS2l2l AlOIOIlAi gfSS i^SI U-DLHXI Sf:2(HI14a 

E). 01 Wg| S2^l 400C0I^£J g^2l S^g bUf^sh §i3§ LfBaD(BI14bE-HI14dE). E. nS^ 
S El^ll S 

BI13aE-HI13dE£l HI14aE~BI14dES HII33IS. E}&2i EM SSolfe IHSOII DAI S,^DIhS § 
?I5|W SD oiyi,' S20IIAiE d*B5IS I^Sl DBLHfe nS^I 21 4= 21§S a 4= 21D. HD 
Si ^EOllAi ilgi g§ - glDfe SOU 2IS SSHtBX Ill-V^ SIE^g ESI 21 ^6H 

m Qtflltt * S!2 □ ISSi SXIS 4= SIDfe SOIIAI OH^ Hhif£|8hD. 

[Mam 10] 

nS^HI g§2l g^'^EI EAISI^I SH Ai 0I5I2I SI2ilD. 

HI15ES =R±m EHe} ng GaN#(71) SHOII A12S OI^CHIIfe a,^ Efe Ti— A1 . Ti-Au. Ti- 

Au-AI 2b Ti-Al-AuS OI^CHXIb D^^(^ DgSIE ^^^El ±AiLHS 3S)a ^ 120^21 
B^IS 1003H*I M&o\H. 500CS 01 yH 6101 nS^(72)B SSStSD. 0\0\M. 2i nE^m SWS2f 331 
§011 &XI6I01 HSOI ySEIS^ SI2JD. □§. if nS^(72) SNOII S£IOI01(74)g M^SolOI SiS 
100^21 3M(72)S 8S6I2D. D^. g§(73)2l HIS SOIlAi »(75)S SM(73)e 4=S2S SCHAi 
3S(73)0I ttJEIEI^U 2b SaSElII SfH OB SHI tt(75)OII 5lgg 3I«D. S2lg S 2011 UBLH 

2D. H 2011 £!CHAi. 2f g|g OIBHCHI J\mS 4= Jib 2^0IIAi ggOl 3H4=M DBLHW. 3S0I at SI El 

xi an wnfflfi as 'w^eis oian pi^sisd. 



[5 2] 






AJ 


95 


Ti- Al 


r« 


Ti-Au-Al 


0 



(J 

tvai-A ii :_ o "a 
Ti-Au n o 



50g 


«0r 70g 




„ : J ; 


.4 — : — | 




25 






■: 1 


5 




(J 1 '*I^H*J 



S 2011 UBbU HI2I ^01. ElEfJll ^PQIh2I 32g Oi^OliJ nS^S EIE2I S^OIsES 01^01 & nS^ 
2D m^&aOl ^4=6112. [tIEIAI 3S2I2I SD S^^l BBbSD. 2 El EMU ^^DIhIII 01 
?0i£! nS^2l §?. &^QIbS fly§2S §J g?eD SJ^SES §} ^01 2D g^^S DEI 
Ulb 312 S 4= SID. 

SSs! iaai 5III0I EI& S! Sf^DlsES OI^CMXIb n2^IHSS2l iislOtt 21 s} 3SHI2I gsfi? W6I 
g gfXISDI ?l6HAi. D H 2 CHI Sf^OISSD feE §§i 3IXIb HS§ g^JHSSl Sl^SIb 31 E Hlif£J 
SID. 0121 i='E 2§ggs=IHSSA1b 3. El Eh EIM. Bijg. g±H!. 3i S!/2b ?£l3t 5SEJ 

D. SSI HHfi!*t 31? 3. EIE> ^/2b DH'OID. Oil IHSb EIE? S! Sf^DISES OI^CHXIb H1 1 S ^ 
IH SgHI 21 S^'gOl OH^ ^4=61^1 (IHSOII &3I HHIHS#il fiiBBb SOI SMI. 2 2I0ICH SSAIOII SS 
E! ggHJ2l gSf^E & S 61 D . □ gOIIAlE HI228S S^IHSb SSolb 3101 bUfSJSID. S6I HI 
i.'^SITIIb 321 E 01 21 21 2§g 3^(bli/5I6l^lb EI& S!/2b Ll^)e S&5lb XHSOID. OIS USE 
S^IHSb 01 £1 *'s£lB01 SICHE EJIIB. 2? 3^§1 S|§§ ^521 3101 UUfSJSJD. 01 3i 
^§2g 61b 3101 Hli.'^si 31E 8?M SS§» HI 21 0121 SOI £J^^^ 
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HI16E^ 012* 1TE ^§^521 n2^(57)g UDLH2 2iD. HM6E0II 2iCHAi, n2^(57)g El EMU S>^0l 
s2J Jjf^IS Ol^OiXlb JII1^2t(57a) SI 2W0II g^S. Mil §Oi 2JS?22I H§S g ^ XH ^ ^ 01^ 
CHXf^ JBI2BJSt(57b)2§ OI^Oi^Q. 

[uboii hi, 

SEHS ng GaN§ £1011 E|&§ 0.03^21 5&f8f2 □ ^ Oil S^OISS 0.1 ^oj gif 

moi Bursts sss *. b^oibs chi e\bs 0.03m, umm 0.03m b s§ 0.5^21 ^ni^ ±^ e 

*fef 5 01 21 Oil ^ U90II 8 HI- iisf ^gf llg HI17a£~HI17d£OII a A~Dg UDLHSD 

HI17a£te 01WS 2£}f 300 CO] HM7b£fe 0IW8 400*C°J g^. *1I17cE^ OIUB 

500 C2J §s?. 2EI2 HH7dEfe 01 W 8 g£^[ 600*C°J S^Oil SS 3S0ID. OIS ESOllAi B ^ U\ 
2f ^Ol. 01 W 3 300 C21 3^21 ng fil£»l«itt2l A^OIOilAi &&& mm&M DDLHXI 

B2(»M7a£). Oi^^ 1 400 "C OI&EJ 3^2J UJB2IS S^SS DBfcB CKHM 7bE~ »H7d 

E). E. 600 COilAI 2! 01W80I MH^g Sf»AI3III 8*1= 51 E B ^ SID. 

[UBKNI 12] 

n£^2f 

[2 3] 



[21 gs^SEI 



•Af8PI ?16HAi W3I H 3011 UBbH S^IHf 



Ti-AI 



Ti -Al Au 



TI-AI -Ti- Aw 



Ti-Al-Ni- Au 
Ti-Al-Ti-Nt-Au 



li 



:3U« 10« 50r 


60« 


70g 








0 0 1 


5 




0 0 0 


0 j 


0 ; 0 0 


0 j 


0 0 0 





H 301! Ai B ^ 2±±= BOI . 2§§ S^XHS^ El & % B^OIteSS 01 ^01 XI 



B HI3E~HI9£2j CI UhOi nS^(14)E^ 3§ofOL □ DtttOI 



E. 0l-6f £!SS g BSS n2^8 HUE 

oi6f. g aaa ^aioiim uiihsd. 

[BAIOin] 

AmmioH 3ie ?ioii EfflM^f £°a n are GaNE^ oi^oia wmgi^mo.o2/M). =&±m n g 

GaNg(^J}|| 4/an) ^ DOUI^S EHS Pg GaNe(¥^l \w)M ±X\ 3SohO! EJ 22JJI2J SIOIfflB 
^tllo^D. 0ICHA1. ng GaNg2l nS^ g tS ^(Oll S E^EJE^ pg GaN#H 0H8Hia8*KD. 

OICHAi. E§E" ng GaN^2l OilS^g DF±3°h pg GaN# S3 Oil U^S 0.03/^2] ^M^, DAI □ 
?I0II 0.07/tfnoj g^a^D. 0IWA1. 01 e^^tS O^Bom ng GaN§2l OilS^Oll at 

□ 20i£j ^lOIHHS SOOCOIIA-j 10B2J CM W S *H Bl SKM Uil!ilF-SS 0FS£l ^If^E^ o^S 

D. CHb'^ 1 ^21 pS^2l ¥WI^ 0.07/^0111. Pgg§ UEILH2D. 

01 ^lOIHH M 350W 2|(A)2| ijog 8 3812, 13H2J SIS HUE Oil UEftii bh2> STOI SSfefSI BIE^aigi 
WOII SOH^^lA-i ±sa SIOICH sgl »« V« D0I2EB 3BI«»aD. 01 DOIEEoj BBBQ8 20mA 
OilAi 80^0112. S&S 4VHD. 

E§l. 2°U!2I ^lOlfflOiiAi IBS *'2i °* 16000^H 22. 0\M ^ OilAi ^SDOIEEOIlAi S^M^f 
ii Hl^-isf ^21 95% 0I^0I2!D. 

OI2f ^SjofO?. ^AlOII 1 OilAi ¥S ^lOIIHg OIS5F01 DF*^^IS pS^ S! n2^i BIES3I8J 

2\ S^a^E^(A^B0IOi ^l&S W^ mOl) gig HHXIo^X^ g^. &>2J MOI^fe 51 ±§} ImmZIOI 
SSarSD. 01 imm ^21 £ S 2^H2J ElEHaigJOII ^XUIE^ S0H^2Ai ±S2i 2^ of 01 ^SD 

OlEEg II|2|8FaD. 01 ^^DOIEEb 20mAOIIAi2l ^SS^OI 40^012. W»0I S^6HI & 

ii & v - aSD. E. 2°'Z!2I 31 01 Si OilAi gBS S2I 2000 Oil M2Fof2. OIM ^ OilAi BSD 
OlSEOil Ai S^Igii «H *oj wgoo « 2} 60 o /oSD 

012} ^01 s Oil 2iof3. pg ^EXilS2J 2^01 iS^i SSS ^ ^^25 OI^CHIIH E& ^ 
g^Oni HH^Oil ^sl^M^I &IEXilg^OIIAi ^^21 6igof^ ^gGbmi^PJ HISE12. E 

01 Oil 2loHAi BSD ami 

[BAIHI 2] 

CHygg 600COilAi §} 2i OI2IOii^ ^ Al Oil 121 ±AiCH^ gOiSJ pg 2^8 ^AIOII 121 pg 2^21 

^2i =^|= ^fim uDmaD. e. bi^s bsdoiee^ ^aioii 121 bsdoiee 

2f ^21 &m wmmm. ±^ss2/i UQU122 e ^g§£ >i2i eaaiSD. 
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[MAI Ml 3] 

dS GaNg 91CHI 311 0.5^21 ^DIIS. DS!§ 0.5^2j g«t§f 2 0121011;= MAIOII 1 2.1 ±ki 

CHS 8I2D. 2CHS og S=?8 0.7(m°\ ^ffllg ii§ iggi DBCH2D. E. HI SIS ftfSDOIS 

Efe MAI01M2I W»DOI2Ea ^21 HE igi^. ±^S5j^§ DDCH22. E gg§£ a 21 §gJ6)2 

D. 

[MAI Oil 4] 

pg GaNg 91011 auSS O.OIfmoj ^BIIS. E\BS 0.1/^21 *?JJIIS £*) g*f& 31 01 21 Oil MAIOII 1 21 £A1 
CHS 8f2D. g?CHS pg S^8 0 .7/jn2l ^ffllg ^Hlffl g&e! fSSI UDLH2JD. E. HISfS KSO0I2 
Efe MAIOII 121 & , 3 > D0I2E2I §21 Jfg i>2f££<. ^g^SSSfS DDCH2H E Si§E X2I §&! 

[MAI Oil 5) 

*l§ 22JXI2I AUBOIOI 315! 91011 GaNbHfflg. =R±m E55! ng GaN#. f?±S EH§1 GaAlN fl|S*«. Of 
221 S±g £Hs> inGaNifgg. OHlUl^g EES GaAIN EI^S S! DOUIhS 'SSS D g GaN 
ii £*) Sig.olCS 0lgoimiS^22l flIOIfflg SfSSISD. 

OlOUi. UH2I SOI HI1OE0II UBfcH ?HIE^ ONUS MAI8I01 nS GaNfi ?M»2S !x^AI3l 

£ OllSJ^g g£6)2D. ^§21 Of±Bg 0I§6)01 t£=J ng GaN§2l OIIS^ 91 Oil- EIE>S 100A. □ 91 
Oil 31 0.5^i2l EffllS SSfShOJ 100/m2l OS SIS gS6)2B. 

S?CHS 9II0IIHS 5i± S2I 600"CO)IAi 5^21 CHy^SICW DgSfg n252S S&S)2D. nS^!212l 

s^-ag,'ig§ woiihhsss *s& sm hi i.2dE0ii dbhi m& as i^Sl DBCH2D. 

0I0U1. pg 91 Oil S&2I &S2I pS=!§ * 9II0ISIS ±g>SH= £! 33IS £BS)2D. 012) 

ttOI 6KM 22JXI2I 31 01 El Oil Ai 15000JH2I SJS S2D. 

at US DOIBS(die bonding)OII 2l§HAi £IE = ai8J flOII MM 813. BSSOII 2l6HAi pS^ 31 nS^Oll S 

aoiois s^oiao. 15000^21 s goiiAi bsssoii mm ns^oi Htaa 3is aaa. e. ss e 2o;h 

2I sp£f9IS ^SSIOI af2|2l SBOIOig B0IS2! 32). E¥ SOI nS^OlAi HJEIEDI 2 (Ml SBOI 
[MAI Ml 6] 

nS^XHSSAi ElEfS 100A. □ 9)0)1 Sf^OIsS 0.4^21 gsf§ 31 0121011b MAI Oil 52) iSSIJI 

5)01 15000JH2I ttS'SS g?2D. 3IOIIHSSS0II 2I§} ES nS^2l 2^-38^821 H1 11 aE Oil 

UBtb 0)2) ^a3S UBLH2JD. E. 150003H2I Si gOIIAI SSSSOII MjH hS^OI HIEIE! 218 SSS! 

D. E. SS * 20?H2I US ^S|9IS ^^SIOl 2|2|2I 32fOIOIM SOfSZJ 3D. E^ SOI nS^OIlAi e| 
£IEI?I SOII gfilOICH^I SOiSD. 

[MAI Oil 7] 

nS^IHSSAi EI^S 1% 5&8H= Ti-Al3SS 0.5^21 ?Wg m*tm 31 OI2IOilfe MAIOII 52f S8i8t?il 

sioi 15000JH21 irsae eaa. sioimsssoii as r.2^21 ss-aa^asi ^§s ambEoii 

UBtS H12) as mgm UBLH2D. E. 150003H2I tl S01IA1 «B9S0II MHi nS^OI at SIS 318 2J2J 
□ . E. S3 * 20?K2! SJS ^^9IS ^S8)01 2JZI3 S2fOIO)g S0JS2J Slf. SOI nS^OIIAI e| 
SISI3I SOII S2)0IOi^i SCHjaCI. 

[MAIOII 8] . 

MAIOII 521 mmmm oS^£f nS^OII 2;H2I ElEHEIiaS g^SI2D. OIS^ pS^ S! nS^S aiai 2J§ 
S*fHIS 0IS8IO1 S^8I2D. 2^'?. nS^JD g^sl £IEHai£J§ S0IB2J fill 2JsD £IE = aigJ2l 
SSISOIlAi H|£|3J 4S2D. 

01 MAIWIfe S V8SI nS^OI bTS. S!S. #2J Sfef2l S^HIg Ol§6)01 £IEHfl|SJHI S|S 2fl> 

8J7II S^SIb 31S LrBLHH 2D. 

[MAIOII 9] 

nS^XHSSAI ElEfl lOOA. □ 910)1 2? = QIh§ 0.lwn2l ^ffllS S=I6I01 Hlia|S|S gaSIH. DAI □ 91 
Oil Hl2HfSjog w Ei ElS 0.1^ SJ LISS 0.1/^21 ^MIS SSe! 3! OI2IOIIfe MAIOII 52) §S8I^I 8)01 
150003H2I ^ifUS 2?2D. ?IIOIffl = S^OII 2!§} EE n£j^2l S^-SSi^a2l ^SS HI 1 3d E Oil DEI 
t« Hf2 DBLH2D. E. 150003H2I i, 1 gOllAi SSSSOII S2) nS^OI ^£IE! 31E 22D. 

E. S3 * 20JH2I Si s=SI9IS ^^8101 ^Z-o) g^OIOIg S0FS5I 32). EE SOI nS^«IA1 HJdlB 
5l SOU S2)0ICH^) SOISO. 

[MAIOII 10] 

nS^IHS2l HI2^^osa-| ElBS 0.1^21 ^B)I8. if 0.4^21 ^ffllS §SfS 31 01 21 Oil MAIOII 92) S 

a si^i 6)01 i5ooo:H2i gsui sacj. ^ioim°SMoii 21 §i ss ns^2j aw-asf^aa ssi 

HH4dEOII DBtiJ b!2; £8 iSI DBLH2D. E. 150003Ha i! S0IIA1 Ssggoil S2I nS^OI s»as 
318 22D. E. gc,* 20PH qi Hi =2>?|g *g8!01 2|2t2l 3B0I01S SOI S2J §2f. SOI nS 
^OIlAi a>£l£Dl SOil §2101001 S01SD. 

(MAIOII 11] 

na^IH82l HI2SiSI2SA1 EI&S 0.\w°) ¥BIIS. ESS O.I/«2l ^CIIS. §1 0.4^21 ^WI8 S*fs» 31 
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0121011b MAI Oil 92} eSJOMI 6>01 15000 3* 
[^AIOII 12] 

MAIM 921 iSHi d2^HI nS^Oil 2JH2J eiEHSISS S^612D. 01 3^. pS^ §y nJj^E °j 
21 gJISOIlAi SJEI31 6S2D. 

01 & g ^Si ?fll3°J ^AISEH^ ^5ofOI yg6>2I!°h S ^SE OISBOII a^SEIfe OfUD 2| 
^Algffl^r 5fB& S^CHIb Dg gEH^E Sjgsj- ^ oiq cc_ w = m0i s gg§ p _ n gog^ cc^ 
p-n 0IS8IIEIISSS2I BSIiiSJI lll-V^ £}*ta EJEfll BJ»CI WOI^OII CH6F01 p-n E*gJ oilEilg * * V S 
SiSJ&SJI lll-va* §f^P «!E»I af*Dd*OI±0IIE ^ 21D. E. S ^gs gt»QOI2EBEi OfU 

£F W*aiOIHDOI2E §21 QH »»CIHK)I±. EH 83 II. 3SD0ISE §2! 600nm 0lo>2l nt&OII 

3eb ^s(^^(S7t)cmmi±oiiE 3gg ^ 2iD. e. e ^gg ^ a aaufsai m-v* 
afEfliai ss^s*^ s^msb nis»b 2oie^. s ^gg o I01} pg asasai m-v^ sf^i »^ 
eais §j/e^ ns asi^sai \u-vm mmm ^^msm 

^§2j 

oi^if »oi s uaoii a»a. *«8a p*i^e ss^oi i2^oi;i elh soil aoioi bsaioii ns^ 

°IOil S^EICH □ 5011 B5«te S^gOl pS^JU S^ofOlE g>'X^f S^l^o^ 4= 
Z!D. E. eS£°JOI ^SSUI ttflS Oil pS^e mi}o\±= □mOI±S^B2l ^IUAI^o^ Mi ci H mi^2l 
a* glfsKigai)! JH»AI9III BfteD. EES. £5>°f^ dS^OII mSOl lite 3i§ &XI»11> 
SSIHED pS^OI 2I0ICH BSAIOII Sf 01 CH Oil 2ISHA1 SOJS^SOII 2JoHA1 stEJEIfe &X\m ^ SID 



(57) 3^2! 

1. .3ISIU. y^l 3ie 911 



SE! S^JHgg 5»8*te ^SS2i S^OIIl.'^l J9MsWiirJbl ^SEHE AF0I2I HI22^2I tSSi B 
fc MSf fi2ga SSatOI §&£IOi 2b 3i ^§95 ofe BStitSai Nl-V^ SfSB fitEJII BfSCId*" 
Of ± 

S^EJ 2. l CHI 20Ui. 6^31 Ss^tOI ^^1 HI2S^2J 2E^SJ1} ^^| pg BJE'fll*a ta^B 

J n § atEmsa Skisi 5ie iS2g afe mm^mxi m-v^ sf^e ^ex^i ^cimoi 
SEHE2I saaoiof^ s^ai= H^^^e aias ase ai ^§og asf^s^ii m- 

afl^M ^EXII ^»Clti^l±. 
S^S 4". 1 LHXi S?S 3g 01b S S01I SiOUi. fe^'l es^OI y»s±. 
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x 0.5 v / div 

X Y : 30J1A / div c 
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X - 0.5 V / div 




£Bl4a 



X : O.s v / div 




£3l4b 



X : 0.5 v / dlv 
* 50 M A / d4V 8 
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x : o.s v / div 

Y : SOMA t dlv 8 
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English Concise Explanation 

Page 1/3 

<Written Opposition dated January 15, 2001> 

Reference 1 (Jpn. Pat. Appln. KOKAI No. 5-211347): 
Reference 1 relates to a MIS-type light-emitting device. 
The layer which a second electrode is to be in contact 
with, is. an i layer and not a p-type layer. Therefore, 
the second electrode does not serve as an ohmic electrode. 
Furthermore, reference 1 neither discloses nor suggests 
that chrome or chrome and gold are annealed at a 
temperature of 400 °C or more. 

Reference 2 (Jpn. 'Pat. Appln. KOKAI No. 3-183173): 
Reference 2 neither discloses nor suggests that that 
chrome or chrome and gold are annealed at a temperature of 
400 °C or more. 

Reference 3 (Jpn. Pat. Appln. KOKAI No. 4-68579): 
Reference 3 . neither discloses nor suggests that chrome or 
chrome and gold are annealed at a temperature of 400 °C or 
more . 

Reference 4 (Jpn. Pat. Appln. KOKAI No. 5-129658): 
An electrode 7 is ITO. The layer which the ITO electrode 
7 is to be in contact with, is an i layer and not 'a p-type 
layer. Therefore, the ITO electrode 7 cannot serve as an 
ohmic electrode. ITO has a drawback in that ITO has a 
larger electrical resistance than a metal. Reference 4 
neither discloses nor suggests chrome or a combination of 
chrome and gold, and that chrome or chrome and gold are 
annealed at a temperature of 400 °C or more. 
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Reference 5 (Jpn. Pat. Appln. KOKAI Publication No. 
57-111076) : Reference 5 neither discloses nor suggests a 
nitride semiconductor. Furthermore, a P electrode, is 
Au/Zn/Au . (page 2, upper right column, line 14). Reference 
4' neither discloses nor suggests chrome or a combination 
of chrome and gold, and that chrome or chrome and gold are 
annealed at a temperature of 400 °C or more. 

Reference 6 (Jpn. Pat. Appln. KOKAI Publication No. 
5-13816) : Similarly to Reference 1, Reference 6 relates 
to a light-emitting device of an MIS type structure. The 
layer which an electrode 7 is to be in contact with, is an 
i layer and not a p-type layer. Reference 6 neither 
discloses nor suggests chrome or a combination of chrome 
and gold, and that chrome or chrome and gold are annealed 
at a temperature of 400 °C or more. 

Reference 7 (Jpn. Pat. Appln . KOKAI Publication No. 
62-2675) : Reference 7 neither discloses nor suggests 
chrome or a combination of chrome and gold, and that 
chrome or chrome and gold are annealed at a temperature of 
400 °C or more. 

Reference 8 (Jpn. Pat. Appln. KOKAI Publication No. 
62-287675) : Reference 8 relates to a light-emitting 
element using a compound semiconductor such as GaP, GaAs, 
GaAlAs, and neither discloses nor suggests use of a 
nitride compound semiconductor. Reference 8 neither 
discloses nor suggests chrome or a combination of chrome 
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and gold, and that chrome or chrome and gold are annealed 
at a temperature of. 400 °C or more. 

Note that a gallium nitride based semiconductor 
shows a behavior which greatly differs from not only a 
single element semiconductor such as silicon but also 
other III-V Group compound semiconductors such as GaP, 
GaAs, and GaAlAs . In particular, since the gallium 
nitride based semiconductor has a large band gap, it has 
been conventionally difficult to obtain an electrode 
attaining an ohmic contact. Therefore, findings on an 
electrode to other. III-V Group compound semiconductor do 
not provide any help to the gallium nitride based 
semiconductor . 
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English Translation of Letter to the Patent Office 

Page 1/5 
Mailing date: January 19, 2001 
Addressee: Nichia Chemical Industries Ltd. 
Agency: Peng Xiuxia 

Summary: 

Forwarded are a copy of a Written Opposition to Patent 
Application No. 83103775P02 alleged by Mr. Lie Yingben on 
November 30, 2000 and six Exhibits. Please send two copies of 
a written reply (including evidence) and one copy for each of 
an allowed patent specification and drawing within one month 
from the following day of the mailing date of this letter. In 
the case where the materials are not submitted by the due date, 
examination will be made based on materials presently 
-available. 
Explanation : 

1. Notice is made under the provision of Section 42 of 
the Patent Law. 

2. In the event where the address of a person/party 
concerned has been changed, the address change should be 
registered in a written form with the payment of a fee of NT 
$1,000 for mailing written materials. 

3. Originals of Exhibits 1 and 2 have not been filed. 
Exhibits 3-6 have not been certified. Chinese translations of 
Exhibits 1-6 have not been-f iled. Response should be made based 
on materials presently available. 

Original: Nichia Chemical Industries Ltd. 

Representative: Mr. Peng Xiuxia 
Copy: Mr. Liu Yingben 
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English Translation of Written Opposition 

Page 2/5 

Filing date by opponent: November 30, 2000 

1. Application Number of the Opposed Patent Application: 

83103775 (KOKOKU No. 403945) 

2. Title of the Opposed Application: Gallium nitride- 
based III-V Group compound semiconductor device having 
an ohmic electrode and a method of producing the same 

3. Defendant: Nichia Chemical Industries Ltd. 
Residence: Japan 

4. Opponent: Liu Yingben 

Residence: No. 68, 20 Xiang, Caiqua Keng, Xiangshan Qu, 
Xiazhu Xian, Taiwan 
Telephone : 
Representative : 

5. Attachment: (omitted) 

6. Grounds for Opposition: 

1. In Section 22 (4) of the Patent Law, there is a 
provision "the formality of the specification, drawings 
and claims shall be determined by the enforcement 
regulations". Furthermore, in Section 14 of the Patent 
Law Enforcement Regulations, there is a provision "a 
translated scientific term must be written along with its 
original term of foreign language. In the case where the 
National Translation house 1 specifies the terms to be used 
in translation, translation must be performed in 
accordance with the terms. However, when the opposed 
application is checked, the translated terms are clearly 

1 Literal translation 
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against these regulations. For example, when the opponent 
checked various types of terms edited and translated by 
the National Translation house, he has failed to find a 
case where the term "anneal" (description of the 
invention, page 3, line 4) was translated into a proper 
term in Chinese. Furthermore, the term "short-key" 
barrier" in ' the description of the invention, page 2, line 
3 from the bottom of an original English text is clearly a 
wrong term. Nevertheless, Applicant has not yet amended 
this error up until now from the fining date of 1995. 
Misleading may occur. In addition, we found many portions 
we cannot understand throughout the specification. For 
example, we do not understand the meaning of the phrase "a 
metallic wire is bonded to a wire and also exhibits a good 
adhesion with a ball formed of a metallic wire " in the 
description of the invention, page 10, lines 3 to 4 . 
Furthermore, the description "sapphire is not insulative" 
in the description of the invention, page 1, the last 
line, is clearly against the fact that sapphire is 
electrically insulative. In short, the specification of 
the opposed application is against the provision of 
Section 22 (4) of the Patent Law and thus unpatentable. 
2. As shown in Exhibit (1), it is disclosed that an ohmic 
electrode is formed of Ti/Al, Ti/Au, Al, or Au on an n- 
type GaN long before the filing date of the opposed 
application and then subjected to an annealing treatment 
(Exhibit (1), page 1003, Fig. 1 and Page 1004, Fig. 2). 
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It is therefore clear that the present invention has lost 
novelty. Hence, the present invention cannot be 
patentable. 

3. As described in Exhibit (2), page 1786, line 12 to 13 
(right column) , a technique making use of an ohmic contact 
of a Ti/Au stacked layer on an n-type GaN has been present 
before the opposed application is filed, and a technique 
using a metal wire as an electrode has been known to 
public. Hence, it is clear that the opposed application 
does not have novelty. 

4. The content of ohmic contact formed on an n-type 
semiconductor layer, disclosed by the opposed application 
is the same as that of Japanese Patent No. 2783349 
(Exhibit (3)). However, as a result that the Japanese 
Patent No. 2783349 is opposed in Japan, the scope of the 
claims of the patent has been narrowed as described in the 
decision on opposition (see Exhibit (4), page 2, lines 4 
to 20) . It is therefore clear that claims 22, 32 and 34 
of the opposed application must be narrowed in scope. It 
is also add to describe that the filing date of the 
opposed application (April 27, 1994) is later than the 
filing date (July 28, 1993) of the patent application in 
Japan . 

5. As described in claim 1 of Exhibit (5), all materials 
selected from the group consisting of Au, Pt, Ag and Ni 
can produce an ohmic contact with a p-type gallium nitride 
based compound semiconductor, leading to an electrode. In 
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addition, all materials selected from the group consisting 
of Al , Cr, Ti, and In can produce an ohmic contact with an 
n-type gallium nitride based compound semiconductor, 
leading to an electrode (claim 2). Hence, it is clear* 
that the opposed application has lost novelty. 
6. As shown in Exhibit (6), 440 cases of patent 
publications published in Japan before the filing date of 
the opposed application, contain key words such as M Ni" 
and "electrode" in their abstract and the claims. Of 
them, it is possible to pick up a large number of prior 
techniques using Ni as an electrode. Hence, it is clear 
that ordinary people can quite easily reach the technique 
using a metallic wire as an electrode material. Hence, 
the opposed application does not have novelty and thus 
unpatentable. 

With Complement 

To the Patent Office 
Attachments: Exhibits (1) to (6) 



